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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a package for 
optical semiconductor element which has superior wire 
bondability and solderability. 
SOLUTION: This package for optical semiconductor 
element consists principally of a metal bottom plate 1 , a 
metal frame body 2 provided on the metal bottom plate 1 
to form an enclosure, a window frame 3 for optical fiber 
fitting which is provided to the front of the metal frame 
body 2, an electric signal input/output terminal 4 
provided on the flank of the metal frame body 2, and an 
external lead 5 provided to the electric signal 
input/output terminal 4 and at least the metal bottom 
plate 1 , metal frame body 2, the pad part of the 
input/output terminal 4, and the external lead 5 are 

coated with an Ni layer, a Pd layer of >0.2 urn in thickness, and an Au layer of 0.1 to 0.6 um in 
thickness in this order. Consequently, the Pd layer prevents the diffusion of Ni to secure wire 
bondability and the Au layer can be made thin through the mentioned operation of the Pd 
layer to secure solderability. 
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ABSTRACT: 

PROBLEM TO BE SOLVED: To provide a package for optical semiconductor element 
which has superior wire bondability and solderability. 

SOLUTION: This package for optical semiconductor element consists 
principally of a metal bottom plate 1 , a metal frame body 2 provided on the 
metal bottom plate 1 to form an enclosure, a window frame 3 for optical fiber 
fitting which is provided to the front of the metal frame body 2, an electric 
signal input/output terminal 4 provided on the flank of the metal frame body 2, 
and an external lead 5 provided to the electric signal input/output terminal 4 
and at least the metal bottom plate 1, metal frame body 2, the pad part of the 
input/output terminal 4, and the external lead 5 are coated with aa Ni layer, a 
Pd layer of ≥0.2 μm in thickness, and an Au layer of 0. 1 to 0.6 μm in 
thickness in this order. Consequently, the Pd layer -prevents the diffusion of 
Ni to secure wire bondability and the Au layer can be made thin through the 
mentioned operation of the Pd layer to secure solderability. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The window frame for optical fiber attachment prepared in the front face of a metal frame and 
a metal frame prepared so that a case may be made on a metal bottom plate and a metal bottom plate, In 
the package for OPTO semiconductor devices which makes the principal part the external lead formed 
in the terminal for electrical signal I/O prepared in the side face of a metal frame, and said terminal for 
electrical signal I/O The package for OPTO semiconductor devices characterized by nickel layer, Pd 
layer with a thickness of 0.2 micrometers or more, and with a 0. 1 -micrometer or more thickness [ 0.6 
micrometer or less ] Au layer being covered by the pad section of a metal bottom plate, a metal frame, 
and the terminal for electrical signal I/O, and external lead at this order at least. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the package for OPTO semiconductor devices which is 

excellent in wirebonding nature and soldered joint nature. 

[0002] 

[Description of the Prior Art] The package for OPTO semiconductor devices makes the principal part 
the external lead 5 formed in the window frame 3 for optical fiber attachment prepared in the front face 
of the metal frame 2 and the metal frame 2 prepared so that a case may be made on the metal bottom 
plate 1 and the metal bottom plate 1, the terminal 4 for electrical signal I/O prepared in the side face of 
the metal frame 2, and said terminal 4, as shown in drawing 1 . The pad for joining a bonding wire to 
said terminal 4 is formed. 

[0003] And the Cu-W alloy of right thermal conductivity which the terminal 4 for electrical signal I/O 
(it is a product made from a ceramic except the pad section) prepared in the side face, a Fe-nickel alloy, 
a Fe-nickel -Co alloy which the coefficient of thermal expansion approximated, etc. are used, and the 
metal frame 2 and a coefficient of thermal expansion resemble the metal bottom plate 1, and can radiate 
generation of heat of a semiconductor laser component etc. promptly is used for the metal frame 2. 
[0004] Moreover, on metal outcrops, such as the pad section of the metal bottom plate 1, the metal 
frame 2, and the terminal 4 for electrical signal I/O, and the external lead 5, nickel layer and Au layer 
are covered in order, and reservation of oxidation and corrosion prevention of said metal outcrop, the 
metal bottom plate 1, and the soldered joint nature in the external lead 5, reservation of the wirebonding 
nature in said pad section, etc. are achieved. Here, Au line which is easy to join to Au layer is usually 
used for a bonding wire. 

[0005] With such a package for OPTO semiconductor devices, a Peltier device (thermoelectric cooling 
element) is soldered on the metal bottom plate 1, and the carrier which carried the semiconductor laser 
component and the optic on it is soldered. Moreover, bonding of the Au line is carried out on the pad of 
the terminal 4 for electrical signal I/O. Furthermore, a window is joined to the window frame 3 for 
optical fiber attachment, and finally, on the metal frame 2, a metal lid carries out a hermetic seal and is 
attached. Here, since said Peltier device tends to be influenced of heat, low-melt point point solder is 
used for the soldering, and the solder of a low-melt point point is further used for soldering of the carrier 
on it. And wirebonding of the semiconductor laser component carried on said carrier is performed at 
about 100-degree C low temperature by the ultrasonic-jointing method so that said low-melt point point 
solder may not fuse. 
[0006] 

[Problem(s) to be Solved by the Invention] However, with the heat at the time of joining a window to 
the window frame for optical fiber attachment, or soldering a Peltier device on a metal bottom plate, 
nickel of nickel layer diffuses the inside of Au layer, Au layer front face is arrived at, it oxidizes, and 
there is a problem that wirebonding nature and soldered joint nature are checked. Since especially 
wirebonding nature has bonding temperature as low as about 100 degrees C, it is also checked 
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remarkably that the front face oxidized slightly. In order to remove this evil, when Au layer is covered 
thickly, Au is spread so much in solder at the time of a soldered joint, and it is an Au-Sn compound, 
(especially AuSn4) It generates and the problem that the bonding strength (shear strength) and the 
fatigue property of the soldered joint section fall arises. 

[0007] Thus, the coexistence with wirebonding nature and soldered joint nature was difficult for the 
conventional package for OPTO semiconductor devices. This invention aims at offer of the package for 
OPTO semiconductor devices which is excellent in both wirebonding nature and soldered joint nature. 
[0008] 

[Means for Solving the Problem] The metal frame prepared so that this invention may make a case on a 
metal bottom plate and a metal bottom plate, In the package for OPTO semiconductor devices which 
makes the principal part the external lead formed in the window frame for optical fiber attachment 
prepared in the front face of a metal frame, the terminal for electrical signal I/O prepared in the side face 
of a metal frame, and said terminal for electrical signal I/O It is the package for OPTO semiconductor 
devices characterized by nickel layer, Pd layer with a thickness of 0.2 micrometers or more, and with a 
0.1 -micrometer or more thickness [ 0.6 micrometer or less ] Au layer being covered by the pad section 
of a metal bottom plate, a metal frame, and the terminal for electrical signal I/O, and external lead at this 
order at least. 
[0009] 

[Embodiment of the Invention] nickel layer, Pd layer, and Au layer are covered by metal outcrops, such 
as the pad section of the metal bottom plate whose package for OPTO semiconductor devices of this 
invention (it is hereafter written as a package.) is that configuration member, a metal frame, and the 
terminal for electrical signal I/O, and an external lead, at this order. Depending on the class of window 
to join, covering of nickel layer, Pd layer, and Au layer may be made by the window frame. 
[0010] In this invention, nickel layer plays the role which raises the adhesion to said metal outcrop of Pd 
layer. It prevents controlling that Pd layer intervenes between nickel layer and Au layer, and nickel of 
said nickel layer diffuses it to Au layer, nickel arriving at Au layer front face, oxidizing, and checking 
wirebonding nature, since the rate which dissolves in solder and is diffused even if Pd diffuses the inside 
of Au layer even if here and it arrives at the front face of Au layer is markedly alike compared with Au, 
soldered joint reinforcement is not reduced like Au since it is small, and Pd cannot oxidize easily, 
wirebonding nature is not reduced The reason for specifying the thickness of Pd layer to 0.2 
micrometers or more is because the effectiveness is not fully acquired in less than 0.2 micrometers. 
Although especially an upper limit is not specified, since the effectiveness will be saturated and it will 
only become cost quantity if it exceeds 3 micrometers, 3 micrometers or less are desirable. The part into 
which Pd concentration exceeds 50at(s)% among the Au-Pd diffusion layer produced by the heat history 
by soldering, soldering, etc. and a Pd-nickel diffusion layer is also contained in the thickness of said Pd 
layer. 

[001 1] Au layer forms the maximum surface of an enveloping layer, and raises wirebonding nature and 
solder wettability. The reason for specifying the thickness of Au layer to 0. 1 micrometers or more 0.6 
micrometers or less is for an Au-Sn compound to generate in the soldered joint section, and for the 
bonding strength of the soldered joint section to fall to it in the case of a soldered joint, when the 
effectiveness is not fully acquired but exceeds 0.6 micrometers in less than 0.1 micrometers. Especially 
the thickness of desirable Au layer is 0.2-0.5 micrometers. The thickness of the Au-Pd diffusion layer to 
which Au concentration exceeds 50at(s)% is also contained in the thickness of said Au layer. 
[0012] In this invention, the thickness of Pd layer including the above-mentioned diffusion layer and Au 
layer becomes in general the same as the thickness of the first stage before a diffusion layer is formed as 
another, when Pd arrives even at the front face of Au layer. In addition, although there is effectiveness 
of raising wirebonding nature and solder wettability also in said Pd layer, it is difficult for there to be 
especially no effectiveness like Au layer about wirebonding nature, to replace Pd layer with Au layer, 
and to use for the maximum surface. 

[0013] In this invention, the wet galvanizing methods, such as electroplating and a nonelectrolytic 
plating method, are advantageous to covering of nickel layer, Pd layer, and Au layer in cost. In this 
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invention, in case the part it is not desirable that a front face is Au layer in order to use means, such as 
the glass closure, at processes, such as window junction, covers nickel layer, Pd layer, and Au layer, it is 
good to carry out a mask. 
[0014] 

[Example] Below, an example explains this invention at a detail. 

(Example 1) It carried out at the assembly in the configuration which Ag soldering was carried out, 
respectively and showed the metal bottom plate 1 made from a Cu-W alloy, the metal frame 2 made 
from a Fe-nickel-Co alloy and the window frame 3 for optical fiber attachment, the terminal 4 for the 
electrical signal I/O made from an alumina, and the external lead 5 made from a Fe-nickel-Co alloy in 
drawin g 1 , sequential electroplating of nickel layer, Pd layer, and the Au layer was carried out in the 
thickness of 4 micrometers, 1.0 micrometers, and 0.3 micrometers at this assembly, respectively, and the 
package was produced. In addition, in said electroplating, the mask of the alumina part of said terminal 4 
was carried out, and it electroplated only the pad section. Then, the window made from sapphire was 
soldered with the Au-Sn alloy wax to said window frame 3. 

[0015] When the thickness of each enveloping layer of said package was measured using the AES 
analysis apparatus, for the thickness of Au layer, the thickness of 0.2 micrometers and an Au-Pd 
diffusion layer was [ the thickness of 0.3 micrometers and a Pd-nickel diffusion layer of the thickness of 
0.2 micrometers and Pd layer ] 1.2 micrometers. The ratio of the thickness of the part into which, as for 
said Au-Pd diffusion layer, Au concentration exceeds 50at(s)%, and the thickness of the part into which 
the remaining Pd concentration exceeds 50at(s)% was 1:1. The ratio of the thickness of the part into 
which Pd concentration exceeds 50at(s)% also in a Pd-nickel diffusion layer, and the thickness of the 
part into which nickel concentration exceeds 50at(s)% was 1:1. 

[0016] (Example 1 of a comparison) To the same structure as an example 1, sequential electroplating of 
nickel layer and the Au layer was carried out at the thickness of 4 micrometers and 1.3 micrometers, 
respectively, the window made from sapphire was soldered with the Au-Sn alloy wax to the metal frame 
2 after that, and the package was produced. 

[0017] On the bottom plate of each package manufactured in the example 1 and the example 1 of a 
comparison, Cu block which electroplated Au layer was soldered with Sn-Pb eutectic solder (melting 
point of 183 degrees C), and the bonding strength was measured. Moreover, the heat cycle test was 
performed between the temperature of -65 degrees C and 150 degrees C, and the generating situation of 
a crack was investigated with ultrasonic test equipment about the soldered joint section after a trial (n= 
20). 

[0018] The example package of this invention of soldered joint reinforcement (example 1) was twice 
[ about ] as more expensive as a conventional -type package (example 1 of a comparison). This is 
because, as for the example package of this invention, the diffusion to Au layer front face of nickel was 
prevented by Pd layer. As shown in drawing 2 , even if the number of cycles of a heat cycle test result 
increased with the example package of this invention, there was little what produces a crack. This is 
because Pd layer was made to intervene with this invention package and Au layer was made thin. With 
the conventional-type package, what produces a crack increased at an increasing tempo as the number of 
cycles increased. Since this had thick Au layer, it is because the Au-Sn compound generated in the 
soldered joint section. 

[0019] (Example 2) After using low melting glass for the window frame 4 for optical fiber attachment of 
the assembly assembled in the example 1 and joining a glass window to it, the mask of the window 
section was carried out, nickel layer was electroplated in thickness of 5 micrometers, on it, Pd layer and 
Au layer were electroplated in order, and the package was produced. Here, the thickness of said Au layer 
was fixed to 0.1 micrometers, and the thickness of Pd layer was changed to 0.05, 0.1, 0.2, 0.3, 0.5, and 
0.8 micrometers. 

[0020] On the metal bottom plate 1 of this package, Sn-Pb eutectic solder was used, the Peltier device 
was soldered, and the carrier carrying an OPTO semiconductor device was soldered using In system 
solder (melting point of 150 degrees C) on it. Next, bonding of the pad on an OPTO semiconductor 
device and the pad on the terminal for electrical signal I/O was carried out by Au line at 100 degrees C 
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the ultrasonic-jointing method. 

[0021] Tension and shearing mode were observed for Au line after said bonding up. In the result, as 
shown in drawing 3 , when the thickness of Pd layer was less than 0.2 micrometers, the poor bonding 
rate increased rapidly. Said contents of a defect are low [ the open circuit by wedge weld junction (pad 
section of the terminal for electrical signal I/O), unsealed, and bonding strength ] etc. When the AES 
analysis apparatus analyzed the front face of a thing whose thickness of Pd layer is 0. 1 micrometers, it 
was observed that nickel is spread on Au layer front face. 

[0022] (Example 3) Fixed the thickness of Pd layer to 1.0 micrometers, and the thickness of Au layer 
was changed to 0.01, 0.02, 0.05, 0.1, 0.2, 0.4, 0.6, 0.8, and 1.0 micrometers, and also the package was 
produced by the same approach as an example 2, and the tension test of Au line was performed like the 
example 2 about these packages. Moreover, the shear strength of the joint by the Sn-Pb eutectic solder 
of a Peltier device and a metal bottom plate was measured before and after the heat cycle test. Said heat 
cycle test is 1500 cycle ****** between the temperature of 125 degrees C and -55 degrees C. 
[0023] As shown in drawing 4 , when the thickness of Au layer was less than 0.1 micrometers, the poor 
wirebonding rate increased the tension test result of Au line. Said contents of a defect are low [ unsealed 
and bonding strength ] etc. The shear strength of the soldered joint section fell sharply, when the 
thickness of Au layer exceeded 0.6 micrometers, as shown in drawing 5 R> 5. Since this has thick Au 
layer, it is because Au was spread in solder and the Au-Sn compound generated in the soldered joint 
section. In addition, at drawing 5 , the shear strength ratio which **(ed) shear strength after a heat cycle 
test with the shear strength before a heat cycle test has shown said shear strength. 
[0024] 

[Effect of the Invention] As stated above, the package for OPTO semiconductor devices of this 
invention Constitute the package for OPTO semiconductor devices, and even if few, a metal bottom 
plate, a metal frame, It is what covered nickel layer, Pd layer with a thickness of 0.2 micrometers or 
more, and with a 0. 1 -micrometer or more thickness [ 0.6 micrometer or less ] Au layer at this order on 
the pad section of the terminal for electrical signal I/O, and an external lead. Since diffusion of nickel is 
prevented by said Pd layer, and wirebonding nature is secured and Au layer can be made thin according 
to said operation of Pd layer, soldered joint nature is secured. Therefore, remarkable effectiveness is 
done so on industry. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the perspective view of the package for OPTO semiconductor devices. 

[Drawing 2] It is the related Fig. of the number rate of crack initiation individuals of the soldered joint 

section, and the number of temperature cycles. 

[Drawing 3] It is the related Fig. of a poor wirebonding rate and the thickness of Pd layer. 
[Drawing 4] It is the related Fig. of a poor wirebonding rate and the thickness of Au layer. 
Prawing 5] It is the related Fig. of the shear strength ratio of the soldered joint section, and the 
thickness of Au layer. 
[Description of Notations] 

1 Metal Bottom Plate 

2 Metal Frame 

3 Window Frame for Optical Fiber Anchoring 

4 Terminal for Electrical Signal I/O 

5 External Lead 



[Translation done.] 
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